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^ UACKGJCOUND VfT T/IE INVENTION 

( ■ ■ 

The ndvcintacjes ot con b ro 1 1 e J releeise procJucts are v/ell known 
in tiie pliarinaceuUical field and include the ability to maintain a 
desired blood level of a medicament over a comparatively loncjer 
period of time while increasincj patient compliance by reduciny the 
number of administrations necessary to achieve the same. These 
advantages have, been attained by a wide variety of methods. For 
example, different iiydrocjels hiive been described for use in con- 
15 trolled release medicines, some of which are synthetic, but most of 
which are seiui-synthetic or of natural origin. A few coiiUaln both 
synthetic and non-gyn tlie tic iiinterlnl. Ilov/eveir, some of the systems 
require special process and production equipment, and in addition 
some of these systems are susceptible to variable drug release. 

Oral controlled release delivery systems should ideally be 
adaptable so that release rates, and profiles can be matched to 
physiological and chronotherapeutlc requirements. 

V^liile many controlled and sustained release formulations are 
already known, certain moderately to poorly soluble drugs present 
25 formulation difficulties which- render them inapplicable for 

sustained release formulations which might' be suitable for, e.g., 
relatively soluble drugs. It is. often not possible to readily 
predict whether a particiilar sustained release formulation will 
provide the desired sustained release for a relatively insoluble 
drug, and it has generally been found that it is necessary to ,^ 
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carry out considerable experimentation to obtain sustained release 
formulations of such drugs having the desired bioavailability when 
ingested. 

An example of a poorly soluble drug is nifedipine, which is 
very poorly soluble, and often exhibits poor bioavailability when 
incorporated into sustained release formulations. Accordingly, a 
great deal of attention has been given to the preparation of 
sustained release ni fedipine formulations which provide acceptable 
bioavailability. Certain prior art, such as U;S. Patent No. 
4,765,909 (Wong, et a 1 . ) describe an osmotic system wherein 
nifedipine is contained along with osmopolymers in a compartment 
enclosed by a wall which is substantially impermeable to the 
passage of the drug. The osmopolymer exhibits an osmotic pressure 
gradient across the wall against the external fluid. A passageway 
in the wall communicates with the first composition and the ex- 
terior of the device for delivering nifedipine to the passageway. 

Other techniques which have been described in the prior art 
for preparing sustained release nifedipine formulations include the 
transformation of crystalline nifedipine into fine powder, the 
transformation of the crystalline nifedipine to the amorphous form, - 
the formatipn of clathrates or compounds of inclusion with beta- 
cyclodex trines , and the formation of solid solutions with poly- 
ethylene glycols. 

Still other techniques are directed to processes for 
increasing the bioavailability of nifedipine. U.S. Patent No. 
4,000,623 (Piergiorgio, et al.)^ describes a process wherein 
nifedipine and polyethylene glycol are coprecipi ta ted from a 
solution into a product in the form of very fine particles having 
an extremely high total specific surface. In one embodiment, 
.substances which swell upon contact with the gastrointestinal 
juices and successively dissolve slowly (selected from hydroxy- 
propylmethyl cellulose, methyl cellulose, hydroxypropyl cellulose,' 



carbpxyvinyl polymers, xahthan gum) in qua n h i ties from 5-50% of the 
tablet are added so as to obtain the . prolonga t ion of the retard 
effect. 

Previously , a he te rod is perse polysaccharide excipi en t system 
and controlled release oral solid dosage forms v;ere described in 
our U.S. Patent. Nos. i;991,276, 5 , 1 2 B , 1 'I 3 , a nd 5, 135, 757. These 
systems are commercially available under the tradename TIMEFlx'" from 
Edward Mende/{l Co., Inc., Patterson, N.Y., v/hich is the assignee of 
the present invention. These patents are hereby incorporated by 
re f erence . 

OBJECTS AND SUtUiARY OF THE I^fVENTION 
It is an object of the present invention to provide a 
sustained release formulation for an insoluble therapeutically 
active medicaments 

It is a further object of the, present invention to provide a 
method for preparing a bioavailable sustained release formulation 
for an poorly soluble therapeutically active medicament. 

It is yet another object of the present invention to. provide 
a sustained release excipient which may be used in the preparation 
of a sustained release oral solid dosage form of a poorly . solubLe 
tlierapeutical ly active medicament. 

It is a further object of the present invention to provide a 
sustained release, excipient v/hich is suitable, for providing, when 
co?iibined with a medicament,, a sustained release formulation which 
provides therapeutically effective blood levels of the medicament 
for e.gf., 12 or 2*1 hours. 

It is a further object of the present invention to provide a 
sustained release drug delivery system wherein acceptable bioavail- 
ability of an otherwise poorly bioa vai labl e therapeutically active 
agent is achieved. 

The above-mentioned objects and others are achieved by virtue 



of the present invent ion , v/hich relates in part to a controlled 
release formulation comprising a therapeutically effective oniount 
of a medicament having a solubility less than about 10 g/1, fwid a 
controlled release excipient comprising a gelling agent, an j nert 
diluent selected from, e.g.,. a monosacclia r ide , a disaccharid.e, a 
polyhydric alcohol, or mixtures thereof, and an effective amount of 
a pharmaceu ticaliy acceptable water-soluble cationic cross-linking 
agent. 

More particularly, the present invention is related to a 
sustained release oral solid dosage form comprising an effective, 
amount of medicament having a solubility of less than about 10 g/1 
to render a therapeutic effect,- a sustained release excipient 
comprising a gelling agent, an inert pharmaceutical diluent, and an 
effective amount of a pharmaceutically acceptable cationic cross- 
linking agent to provide a sustained release of the medicament when 
the dosage form is exposed to an environmental fluid. The ratio of 
medicament to gelling agent is preferably from about 1:3 to about 
1:8. The resulting tablet preferably provides a therapeutically 
effective blood level of the medicament for at least about 12 
hours, and in certain preferred embodiments, for about 24 hours. 

In certain additional preferred embodiments, the med icamen t , is 
poorly soluble , i . e . , has a solubility of less than about 1,000 
mg/1. In especially preferred embodiments, the medicament is 
ni f edipine . " 

The present invention is also related to a method for pro- 
viding a sustained release formulation of a medicament having poor 
solubility in water, comprising preparing a sustained release 
excipient comprising from about 10 to about 99% by weight of a 
gelling agent, from about 1 to about 20% by weight of a cationic 
cross-linking agent, and from about 0 to about 09% by weiglit of an 
inert pharmaceutical diluent; and thereafter adding an effective 
amount of a medicament having a solubility of less than about 10. 



g/1 to render* a desired therapeutic effect, and thereafter tablet- 
ing the resulting mixture such that a product is obtained having a 
ratio of medicament' to gelling agent from about 1:3 to about 1:8, 
such that the gel matrix is created when the tablet is/exposed to 
an environmental fluid. The resulting tablet provides therapeutic- 
ally effective blood levels of the inedicainent for at least about 12 
hours, and preferably about 2*1 hours. 

The present invention is further related to a method of treat- 
ing a patient by orally administering an oral solid dosage form as 
set forth above. 

In certain preferred embodiments, the^ mixture of tlie gelling 
agent, inert diluent, and cationic cross - 1 i nlci ng agent are granu- 
lated witli a dispersion or solution of a hydrophobic material in an 
amount sufficient to slov/ the hydration of the gelling agent v/ith- 
out disrupting the same, 

'J'he presept invention is further related to a sustained 
release oral solid dosage form for absorption of a tJierapeutically 
active medicament in tJie gastrointestinal tract, comprising an 
effective amount of a medicament having a solubility of less than 
about 10 g/1 to render a therapeutic effect; and a sustained 
release excipient comprising a gelling agent comprising a lietero--; 
polysaccharide gum and a homopol ysaccha ride guin capable of cross- 
linking said heteropolysaccharide gum when exposed to an environ- 
mental fluid and an inert pharmaceutical diluent, the sustained 
release excipient being granulated with a solution or a dispersion 
of. a hydrophobic material in an amount effective to slow the 
hydration of the gelling agent without disrupting the hydrophilic. 
matrix. 

In a particularly preferred embodiment, the medicament 
comprises a therapeutically effective, d ihyd ropy rid ihe s\jch as 
nifedipine. . ^ 

By "sustained release" it is meant for purposes of the present 



invention tliaU tlie l:he r a peu I: icti 1 1 y active jnedicoment is released 
from the formulation at a controlled rate such tliat the ra pen t ica 1 J.y 
beneficial blood levels (but below toxic levels) of the medicament 
ore maintained over an extended period of time, e . cj . , providincj a 
12 liour or a 2A hour dosage fprm. 

By "bioavailable" it is meant for purposes of the present in- 
vention that the therapeutically active medicament is absorbed from 
the sustained release formulation and becomes available in the body 
at the intended site of drug action. 

By "poorly soluble", it is meant that the therapeutically 
active medicament has an aqueous solubility of less than about 1000 
milligrams per liter (mg/1). 

By "moderately soluble" , it is meant that the therapeutically 
active medicament has an aqueous solubility of less than about 10 
grams per liter (g/1)-. 

The term "environmental fluid" is meant for purposes of the 
present invention to encompass, e.g., an aqueous solution, or 
gastrointestinal fluid. 

DETAI LE D DESCniPTI OH 
As reported in our previously in our U.S. Patent Ilos . 
-1, 99-1, 276, 5,i2P,l'13, and 5,135,757, the heterod Isperse excipient; 
of the present invention comprises a gelling agent. of both hetero- 
and hpmo- polysaccharides v/hich exhibit synergism, e.g., the 
combination of two or more po 1 y sacclia r ide gums produce a higher 
viscosity and faster hydration than that wliich would be expected by 
either of the gums alone, the resultant gel be ing f as te r- f ormi ng 
and more rigid . 

In the. present invention, it has been found that a sustained 
release excipient comprising only the gelling agent ( he terod isperse 
polysaccharide, e.g., xantlian gum and locust bean gum) may not be 
sufficient to provide a suitable sustained release of an insoluble 



medicament to provide a 2A hour formulation, nor to prevent an 
initial "burst" of drug release from the formulation when the 
formulation is exposed to a fluid in an environment of use, e.g. an 
aqueous solution or gastrointestinal fluid. This is especially tJie 
case v/ith certain medicaments such as those which are only moder- 
ately soluble, and is especially true v/ith drugs such as nifedipine 
v/hich are only poorly soluble. 

This problem. has been overcome by virtue of the present inven- 
tion, which is related in part to the surprising discovery that by 
including a cationic crosslinking agent in the sustained release 
excipient, tlie gel strength of tlie formulation is significantly 
increased. 

In certain embodiments, the present invention is related to 
the surprising discovery that by granulating the sustained release 
excipient with a solution or dispersion of a hydrophobic polymer 
prior to admixture of the sustained release excipient with the 
medicament and tableting, the medicament may provide .therapeutic- 
ally effective blood levels for extended periods of time, e.g. , 
from about 12 to about 24 hours. 

In certain preferred embodiments of the present invention, the 
sustained release excipient is prepared by mixing the gelling 
agent, the cationic crosslinking agent, and the inert diluent. 
Thereafter, the mixture is granulated v;ith a solution or dispersion 
of a hydropliobic polymer in an amount effective to slow the 
hydration of the gelling agent v/ithout disrupting the hydrophllic 
matrix. Next, the insoluble medicament is added, and the resultant 
mixture is tableted. 

In other preferred embodiments of the present invention, the 
tablets prepared as set forth above are then coated with a hydro- 
phobic polymer to a weight gain from about 1 to about 20 percent by 
weight . 

The term '*heteropolysaccha r ide " as used in the present 



Invention Is defined as a water-soluble polysaccharide containing 
tv/o or more kinds of sugar, units, the he teropolysacchar ide having 
a branched or helical configuration, and having excellent water- 
wlcking properties and immense thickening properties. 

An especially preferred lieteropolysacchajride is xanthan gum, 
which is a high molecular weight (>10**) heteropolysaccharide . 
Other preferred heteropolysacchar ides include derivatives of' 
xanthan gum, such as deacylated xanthan gum,: the carboxyme thyl 
ether, and tlie propylene glycol ester. 

The homopolysacchar ide gums used in' the present invention 
which are capable of cross-linking \7itli the heteropolysaccharide 
Include the ga lac tomann.a ns , i.e., polysaccharides which ar*e com- 
posed solely of mannose and galactose. Galactomannahs . which have, 
higher proportions of unsubs t i t u ted mannose regions have been found 
to achieve more interaction with the heteropolysaccharide. Locust 
bean gum, which has a higher ratio of mannose to the galactose, is 
especially preferred as compared to other galactomannans such as 
guar and hydroxypropy 1 guar. 

The controlled release properties of the controlled release 
formulations of the present invention may be optimized when the 
ratio of he teropolysaccha r ide-gum to homopolysacchar ide material is ✓ 
about 1:1, although heteropolysaccharide gum in an amount of from 
about 20 to about 80 percent or more by weight of the hetero- 
disperse polysaccharide material provides an acceptable slow 
release product. The combi nation of .any hpmopolysaccharide gums 
known to produce a synergistic effect when exposed to aqueous 
solutions may be used in accordance with the. present invention. It 
is also possible that the type of synergism which is present with 
regard to the gum combination of the present invention could also 
occur between two homogeneous or two he teropolysaccharides . Other 
acceptable gelling agents which may be used in the present inven- 
tion include tliose gelling agents well-known ih the art. Examples 



itnclude vegetable gums such as alginates, carrageenan, pectin, guar 
gum, xanthan gum, modified starch, hydroxypropylmethylcellulose , 
me thylcellulose, and. other cellulosic materials such as sodium 
carboxyme thylcellulose and hydroxy propyl cellulqse. This list is 
not meant to be exclusive. 

. The combinati;on of xanthan gum with locust bean gum. v;lth or 
v/ithout the other homopol ysaccha r ide gums, is an especially pre-^ 
f erred gellin*^ agent. The chemistry of certain of the ingredients 
comprising the excipients of the present invention such as xanttian 
gum is such^that the excipients are considered to be self-buffering 
agents which are substantially insensitive to the solubility of the 
medicament and likewise insensitive to the pH changes along the 
length of the gastrointestinal tract. 

The inert filler of the sustained release excipient preferably 
comprises a phairmaceutically acceptable saccharide, Including a 
monosaccharide, a d isaccha ride , or a polyhydrlc alcohol, and/or 
mixtures of any of the foregoing. Examples of suitable inert 
pharmaceutical fillers include sucrose, dextrose, lactose, micro- 
crystalline cellulose, fructose, xylitol, sorbitol, mixtures 
thereof and the like. However, it is preferred that a soluble 
pharmaceutical filler such as lactose, dextrose, sucrose, or 
mixtures thereof be used. 

The cationic cross-linking agent which is optionally used in 
conjunction with the present invention may be monovalent or 
multivalent metal cations. The preferred salts are the inorganic 
salts, including various alkali metal and/or alkaline earth metal 
sulfates, chlorides, borates, bromides, citrates, acetates, lac- 
tates, etc. Specific examples of suitable cationic cross-linking 
agents Include calcium sul fa te, sodium chloride, potassium sulfate, 
sodium carbonate, lithium chloride, tripotassium phosphate, sodium 
borate, potassium bromide, potassium fluoride, sodium bicarbonate, 
calcium chloride, magnesium chloride,, sodium citrate, sodium 
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acetate, calcium lactate, maynes iuiii sulfate and sodium fluoride. 
Multivalent metal Cations may also be utilized. However, tfie pre- 
ferred cationic cross - 1 i nki ng agents are bivalent. Particularly 
preferred .salts are calcium sulfate and sodium chloride. The 
cationic cross-linking agents of tlie present invention are added in 
an amount effective to obtain a desirable increased gel strength 
due to the cross-linking of the gelling agent (e.g., the hetero- 
polysacchar ide and homopolysaccharide gums). In preferred embodi- 
ments, the cationic cross-linking agenb is included in the sus- 
tained release excipient of the present invention in an amount from 
about 1 to about 20% by v/eight of the sustained release excipient, 
and in an amount 0.5% to about 16% by weight of the final dosage 
form. 

In certain embodiments of the present inv^ention, the sustained 
releiase excipient comprises from about 10 to about 99 percent by 
weight of a gelling agent comprising a he teropol yfeacchar ide guin and 
a' homopolysaccharide gum ,\ from about 1 to about 20 percient by 
weight of a cationic crosslinking agent', and from about 0 to about 
89 percent by v^eiglit of an inert pharmaceutical diluent. In other 
embodiments, the sustained release excipient comprises from about 
10 to about 75 percent gelling agent, from about 2 to about 15 
percent cationic crosslinking agent, and from about 30 to about 75 
percent inert diluent. In yet other embodiments, the sustained 
release excipient comprises from about 30 to about 75 percent 
gelling agent, from about 5 to about 10 percent cationic cross- 
linking agent, and from about 15 to about 65 percent inert diluent. 

The sustained release excipient of the present invention (with 
or without the optional cationic cross-linking agent) may be 
further modi fied by incorporation of a hydrophobic material which 
slows the hydration of the gums without disrupting the hydrpphilic 
matrix. This is accomplished in preferred embodiments of the 
present invention by granulating the sustained release excipient.'' 

10 - 



10 



with the solution or dispersion of ^ Hydrophobic material prior to 
the incorporation of the medicament. The hydrophobic polymer may 
be selected from an a Iky Icel 1 u lose such as. ethylcellulose , other 
hydrophobic cellulosic materials, polymers or copolymers derived 
from acrylic or methacrylic acid esters, copolymers of acrylic and 
methacrylic acid esters, zein, waxes, shellac, hydrogenated vege- 
table oils, and any other pharmaceu tically acceptable hydrophobic 
material known to those skilled in the art. The amount of hydro- 
phobic material incorporated into the sustained release excipient 
is that which is effective to slow the hydration of the gums with- 
out disrupting the hydrophilic matrix formed upon exposure to an 
environmental fluid. in certain preferred embodiments of the 
present invention, the hydrophobic material is included in the 
sustained release excipient in an amount from about 1 to about 20 
15 percent by weight. The solvent for the hydrophobic material may be 
an aqueous or organic solvent, or mixtures thereof. 

Examples of commercially available alkylcel luloses . are 
Aquacoat® (aqueous dispersion of ethy Icel lulose available from FMC) 
and Surelease® (aqueous dispersion of ethy Icel lulose available from 
20 Colorcon) . Examples of commercially available acrylic polymers 

suitable for use as the hydrophobic material include Eudragit* RS 
and RL (copolymers of acrylic and methacrylic acid esters having a 
low content (e.g,v 1:20 or 1:40) of quaternary ammonium compounds). 
Once the sustained release excipient of the present invention 
25 has been prepared, it is then possible to blend the same with the 
medicament, e.g., in a high shear mixer. The medicaments which are 
useful in the present invention preferably have moderate (> 10 g/1) 
to poor (^ 1,000 mg/1) solubility. In certain especially preferred . 
embodiments, the medicament is a therapeutically effective dihydro- 
pyridine. Dihydropyr id ines such as nifedipine have an aqueous 
solubility of less than about 1,000 mg/1. Dihydropy rid ines are 
useful, for the treatment of circulatory disorders and high bipod 
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pressure. Useful formulations of dihydropyrld ines generally 
contain doses from about 10 mg to about 240 mg • The production of 
dihydropyrldines is well knov/n in the art, and is described, for 
exampl.e, in British Patent 11 73 062. An especially preferred 
d ihydropy rid ine is nifedipine. Other suitable dihydropyrldines 
include nimodipine, nivaldipine, nitrendipine, nisol id ipine , niluGf-- 
ipine, nicardipine and felodipine. This list is not meant to be 
exclusive, and many other d ihydropy rid ines and indeed other medica- 
ments having similar solubility and/or bioavailability problems may 
also be used successfully in conjunction with the present inven- 
tion. In certain preferred embodiments of the present invention, 
tlie dosage form includes a dosage of nifedipine in an amount of 20 
mg, DO.mg, 6 0 mg, or 9 0 mg. 

It has been found that it is important to include an effective 
amount of a wetting agent in the formulation in order to increase 
the bioavailability of drugs with poor solubility, such as 
nifedipine. The wetting agent may be added, e.g., by spraying 
while mixing tlie granulate. 

Suitable wetting agents for. use in conjunction with the 
present invention include poly ethyl enegly.cols as esters or ethers. 
Examples include polye thoxy la ted castor oil, polye thoxyla ted hydr.o- 
genated castor oil, polye thoxy la ted fatty acid from castor oil or 
polyethoxyla ted fatty acid from castor oil or poly ethoxy 1 a ted fatty 
acid from hydrogenated castor oil. Commercially available wetting 
agents which can be used are khov/n under trade names Crempphor, 
Myr j , Polyoxyl 40 stearate, Emerest 2675^ Lipal 395 and PEG 3350. 
An especially preferred wetting agent is polyethy leneglycol having 
a molecular . weigh t of 3,350 ( i . e . , PEG 3350). 

The v^/etting agent is dissolved in a suitable solvent such as. 
water, and is thereafter added to the bl ended . mi x tu re of the sus- 
tained release excipient and the medicament. This allows the 
Wetting agent to wet the particles of the excipient such that when 
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the solvent evaporates the particles of the medicament which pre- 
cipitate are tihy and do not aggregate. A granulate of the medica- 
ment and the wetting agent is obtained which is preferably finely 
and homogenously dispersed in the excipient. 

The wetting agent is preferably included in an amount effec- 
tive to provide a final sustained release product having acceptable 
bioavailability. For example, in certain embodiments of the 
present invention wherein tfie medicament is nifedipine, the wetting 
agent is included in an amount from about 5% to. about 10% of the 
final product, by weight. 

In certain embodiments of the embodiment a hydrophobic polymer 
is added to the mixture of wetting agqnt and medicament. The 
hydrophobic polymer may be, e.g., an alkylcel lulose such as ethyl- 
cellulose, other hydropliobic eellulosic materials, polymers or 
copolymers derived from acrylic or methacrylic acid esters, zeln, 
waxes, other hydrophobic eellulosic materials, hydrogenated vege- 
table oils, and any other plia rmaceu t ica 1 ly acceptable hydrophobic 
material knov/n to those skilled in the art. 

The hydropliobic material may be dissolved in an organic sol- 
vent or dispersed in an aqueous solution. Thereafter, the hydro- 
phobic material may be used to coat the granulate of medicament/ 
wetting agent/sustained release excipient. The granulate may be 
coated with the hydrophobic coating to a weight gain of, e.g., from 
about 1 to about 20 percent, and preferably from about 5. to about 
10 percent. The granulation is then preferably dried. Thereafter, 
the granulate may be further formulated into an appropriate oral 
dosage form, for example, by compression of the resulting granulate 
into appropriately sized tablets, by filling gelatin capsules with 
an appropriate amount of the granulate (with or without compression 
of tlie granulate), as well as use in the manufacture of other oral 
dosage forms knov;n to those skilled' in the art.. This embodiment 
may be particularly beneficial to reduce tlie amount of drug re- 
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leased during the initial phases of. dissolution when, the formula- 
tion is exposed to fluid in an environment of use, e.g., In-vitro 
dissolution or in the gastrointestinal tract. 

An effective amount of any generally accepted pharmaceutical 
lubricant, including the calcium or magnesium soaps may be added to 
the above-mentioned ingredients of the excipient be added at the 
time the medicament is added, or in any event prior to compression 
into a said dosage form. An example of a suitable lubricant is 
magnesium stearate in an amount of about 0.5 to about 3% by v/eight 
of the solid dosage form. An especially preferred lubricant is 
sodium stearyl fumarate, NF, commercially available under the trade 
name Pruv* from the Edward Mendell Co., Inc. 

The sustained relea'se excipients of the present invention have 
uniform packing characteristics over a range of different particle 
size distributions and are capable of processing into the final 
dosage form (e.g. , tablets) using either direct compression, 
following addition of drug and lubricant pov/derr, or conventional 
wet granulation. 

The properties and characteristics of a specific excipient 
system prepared according to the present invention is dependent in 
part bh the individual characteristics of the homo and heteropoly- 
saccharide constituents, in terms of polymer solubility, glassy 
transition tempera tures etc., as v/ell as on the synergism both 
between d i f f eren t . homo- and he teropolysaccharides and between the^ 
homo and he tero[julysaccha rides and the inert saccharide constitu- 
ent(s) in modifying dissolution f iuid-excipient interactions. 

The combination of the gelling agent (i.e., a mixture of 
xanthan gum and locust bean gum) with the inert diluent, v/itii or. 
without the cationic cross-linking agent and hydrophobic polymer, 
provides a ready-to-use product in v/hich a formulator need only 
blend the desired active medicament and an optional lubricant with 
tlie excipient and tlien compress the mixture to form slow release 
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tablets. The excipient may comprise a physical admix of the gums 
along with a soluble excipient such as compressible sucrose, 
lactose or . dextrose, although it is preferred to granulate or 
agglomerate the gums witli plain (i.e., crystalline) sucrose, 
lactose, dextrose, etc., to form an excipient. The granulate form 
lias certain advantages including the fact that it can be optimized 
for flow and compressibility; it can be tableted, formulated in a 
capsule, extruded and spheronized v;ith an active medicament to form 
pellets, etc. ^ 
The pharmaceutical excipients prepared in accordance with the 
present invention may be prepared according to any agglomeration 
technique to yield ah acceptable excipient product. In wet granu- 
lation techniques, the desix-ed amounts of tlie he teropoly saccharide 
gum, the homopolysaccha r ide gum, and the inert diluent are mixed 
together and thereafter a moistening agent such as water, propylene 
glycol, glycerol, alcohol or the like is added to prepare a moist-, 
ened mass. Next, the moistened mass is dried. The dried mass is 
then milled with conventional equipment into granules." Therefore, 
the excipient product is ready to use. 

The sustained release excipient is free-flowing and directly 
compressible. Accordingly, the excipient may be mixed in the 
desired proportion with a therapeutically active medicament and 
optional lubricant (dry granulation) . Alternatively, all or part 
of the excipient may be subjected ,to a wet granulation v/ith the 
active ingredient and thereafter tableted. When the final product 
to be manufactured is tablets, the complete mixture, in an amount 
sufficient to make a uniform batch of tablets, is then subjected to 
tableting in a conventional production scale tableting machine at 
normal compression pressure, i.e. about 2000-1600 Ibs/sq in. 
However, the mixture should not be compressed to such a degree that 
there is subsequent difficulty, in its hydration wlien exposed to 
gastric, fluid . 
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One of the limitations of direct compuession as a method of 
tablet manufacture is tlie size of the tablet. If the amount of 
active is high a pharmaceutical formulator may choose to wet 
cjranulate the active with other excipients to attain a decent size 
tablet with the right compact strength. Usually the amount of 
filler/binder or exclpients needed in v/et granulation is less than 
that in direct compression since the process of v/et granulation 
contributes to some extent tov/ard the desired physical properties 
of a tablet. 

The average tablet size for rouhd tablets, is preferably about 
300 mg to 750 mg and for capsule-shaped tablets about 750 mg to 
1 0 0 0 mg . 

The average particle size of the granulated exclpient of the 
present invention ranges from about 50 microns, to about 400 microns 
and preferably from about 185 microns to about 265 microns. The 
particle size of the granulation is not narrowly critical, the 
important parameter being that the average particle size of. the 
granules, must permit the formation of a directly compressible 
excipient which forms pharrrtaceu tical ly acceptable tablets. Tlie 
desired tap and bulk densities of the granulation of the present 
invention are normally betv/een from about 0.3 to about O.B g/ml , 
with an average density of from about 0.5 to about 0.7 g/ml - For 
best results, the tablets formed from the granulations of the 
present invention are from about 6 to about 8 kg hardness. The 
average flow of the granulations prepared in accordance with the 
present invention are from about 25 to .about 40 g/sec. Tablets 
compacted using an instrumented, rotary tablet machine have been 
found to possess strength profiles which are largely independent of 
the inert saccharide component. Scanning electron photomicrographs, 
of largely tablet surfaces have provided qualitative evidence of 
extensive plastic deformation on compaction, both at the tablet 
surface and across tlie fracture surface, and also show evidence of 
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surface pores through which initial solvent, ingress and solution 
egress may occur. 

In certain embodiments of the invention, the tablet is coated 
v/lth a suff icient . amount of a hydrophobic polymer to render the 
formulation capable of providing a release of the medicament such 
that a 12 or 24 hour formulation is obtained. Tlie hydrophobic 
polymer which . included in the tablet coating may be the same or 
different material as compared to the hydrophobic polymeric 
material which is optionally granulated with the sustained release 
excipient . 

In other embodiments of the present invention, the tablet 
coating may comprise an enteric coating material in addition to or 
instead or the hydrophobic polymer coating. Examples of suitable 
enteric polymers include cellulose acetate phthalate, hydroxy- 
propylmethylcellulose phthalate, polyvinylace tate phthalate, 
me t ha cry lie acid copolymer, she 1 lac, hyd roxypropy Ime thy Icellulose 
succinate, cellulose acetate t rimel 1 i ta te., and mixtures of any of 
the foregoing. An example of a suitable commercially available, 
enteric material is available under the trade name Eudragit'** Li 100- 
555. 

In further embodiments, the dosage form may be coating with a 
hydrophilic coating in addition to or instead of the above^^ 
mentioned coatings. An example of a suitable material v/hich may be 
used for such a hydrophilic coating is hydroxypropy.lmethyl- 
cellulose (e.g., Opadry* , commercially available from Cdlorcon, 
West Point, Pennsylvania). 

The coatings may be applied in any pharmaceutically acceptable 
manner known to those skilled in the art. For example, in one 
embodiment, the coating is applied via a fluidized bed or in a 
coatiiig pan.. For example, the coated tablets may be dried, e.g., 
at about 60-7P' C for about 3-4 hours in a coating pan. The^^ 
solvent for the hydrophobic polymer or enteric coating may be 
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organic, aqueous, or a mixture of an organic and an aqueous 
solvent. The organic solvents may be, e.g., isopropyl alcohol, 
ethanol, and the like, with or without water* 

in additional embodiments of the present invention, a support 
platform is applied to the tablets manufactured in accordance wLtU 
the present invention. Su i tabl e . support platforms are v/ell known 
to those skilled in the art. An example of suitable support plat- 
forms is set forth, e.g., in U.S. Patent No. 4,839,177, hereby 
incorporated by reference. In that patent, the support platform 
partially coats the tablet, and consists of a polymeric material 
Insoluble in aqueous liquids. The support platform may, for ex- 
ample, be designed to maintain its impermeability characteristics 
dur-ing the transfer of the therapeu tica lly active medicament. The 
support platform may be applied to the tablets, e.g., via compres- 
sion coating onto part of the tablet surface, by spray coating the 
polymeric materials comprising the support platform onto all or 
part of the tablet surface, or by immersing the tablets in a 
solution of the polymeric materials. 

The support platform Tnay have a thickness of, e.g., about 2 mm 
if applied by compression, and about 10 /i If applied via spray-^ 
coating or immersion-coating. Generally, in embodiments of the 
invention wherein a hyd ropJiobic polymer or enteric coating is 
applied to the tablets, the tablets are coated to a v/elght gain 
from about 1 to about 20%, and in certain embodiments preferably 
from about 5% to about 10%. 

Materials useful in the hydrophobic coatings, and support 
platforms of the present invention include derivatives of acrylic 
acid (such as esters of acrylic acid, methacrylic acid, and 
copolymers thereof) celluloses and derivatives thereof (such as 
ethylcellulose) , poly viny lalcohols ,. and the like. 

In certain embodiments of the present invention, the tablet 
core includes an additional dose of the medicament Included in 
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either the hydrophobic or enteric coating, or in an additional 
overcoating coated on the outer surface of the tablet core (without 
the hydrophobic or enteric coating) or as a -second coating layer 
coated on the surface of the base coating comprising the hydro- 
phobic or enteric coating material. This may be desired when, for 
example, a loading dose of a therapeutically active agent is needed 
to provide therapeutically effective blood levels of the active 
agent when the formulation is first exposed to gastric fluid.. The 
loading dose of medicament included in the coating layer may be, 
e.g., from about 10% to about ^0% of the total amount of medicament^ 
included in the formulation. 

DETAILED DESCKIPTIOM OF THE PREFERUED EHBODIHEHTS 
The following examples illustrate various aspects of the 
present invention. They are not to be construed to limit the 
claims, in any manner wliatsoever. - 

EXAMPLES 1-3 • 
EFFECT OF CALCIUM SULFATE IN EXCIPIENT 
In Example 1-3, sustained release excipients in accordance 
with the present invention are first prepared, the medicament (in 
this case nifedipine) being added subsequently, and the. final 
mixture then being table ted . 

The sustained release excipient is prepared by dry blending 
the requisite amounts of xanthan gum, locust bean gum, calcium 
sulfate, and dextrose in a high speed mixer/granulator for 3 
minutes. . While running choppers/impellers, water (125-150 ml) is 
added to the dry blended mixture," and granulated for another 3 
minutes. The granulation is then dried in a fluid bed dryer to a 
LCD (loss on drying) of less than about 10% by weight (e.g., -1-7% 
LCD). The granulation is then milled using 20 mesh screens. the 
ingredients of the granulations of Examples 1-3 are set forth in 
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Table 1 below; 
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TABLE 1 ■ . ■ 

PREPARATION OF 5USTAINED-Rli:LEASE EXCIPIENT 



Component 



1. Xanthan Gum 

2. Locust Dean Gum 

3. Calcium Sulfate 

4 . Dextrose 

5. Water 



% - Ex. 

25 
25 
O 
50 
150 ml 



Ex . 2 



25 
2 5 
5 
A 5 
123 ml 



Ex. 3 



. 25 
25 
2 0 
30 
.12 3 ml 
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20 



25 



30 



35 



Next, the sustained release excipient prepared, as detailed 
above is dry blended with the desired amount of nifedipine along . 
with a suitable amount of wetting agent (PEG 3350) in a V-blender 
for 15 minutes. A suitable tableting lubricant ( Pruv* , sodium 
stearyl fumarate/NF, commercially available from the Edward ' 
Mendell Co., Inc.) is. added, and the mixture is blended for 
another 5 minutes. This final mixturo is tableted to approxi- 
mately 361 mg . The ingred ien ts ' of tlie tablets of Examples 1-3 
are set forth in Table 2 below: 

. TADLE 2 
TABLET FORMULATION - EXAMPLES 1-3 . 
Component % 



1. Sustained-Release Excipient 

2. Nifedipine 

3 . PEG 3350 . . 

4. Pruv®* 

*Sodium Stearyl Fumarate 



83 . 1 
8.31 
0.31 
0 . 25 



Dissolution tests v;ere then carried ouU on the tablets of 
Examples 1-3. Tlie dissolution tests are conducted in 30% poly- 
ethyl eneglycol (PPG) 400 and distilled water in' an automated USP 
dissolution apparatus (Paddle type II, 150 rpm) , and the amount 
of drug released. was analyzed via UV analysis. The results .are 
set forth in Table 3 below. 
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TABLE 3 



Time (hr) 


Ex 


. 1 


Ex. 2 


Ex. 3 




. 11 


. 7 


27.4 


15. 6 


8 


4 2 


. 2 


47.9 


43.0 


12 


59 


. 2 


60 . 3 


50 . 8 


16 : 


BO 


. 7 


68.2 


65 . 6 


20 


91 . 


. 8 


8 4.2. 


74.5 


21 


97 . 


. 2 


09.6 


79 , 7 



From the ^results provided in Table 3, it is evident that the 
tablets of Examples 1-3 provided suitable 24 hour oral solid 
dosage forms for nifedipine. 

EXAMPLES 1 ~ 6 
EFFECT OF COMPRESSION FQl^CE 
In Examples 4-6, a sustained release exci|pient is prepared 
by dry blending the requisite amounts of xanthan gum, locust bean 
gum, calcium sulfate, and dextrose in a high speed mixer/granu- 
lator for 3 minutes. A slurry of hydrophobic polymer (ethyl- 
cellulose) is prepared by dissolving etliyl cellulose in ethyl 
alcohol. While running choppe rs/ impel 1 e rs , the slurry is added 
to the dry blended mixture, and granulated for another 3 minutes. 
The granulation is then dried in a fluid bed dryer to a LOD (loss 
on drying) of less than about 10% by weight (e.g., 4-7% LOD). 
The granulation is then milled using 20 mesh screens. The in- 
gredients of the sustained release excipient of Examples 4-6 
are set forth in Table 4 belov/: '. , ^ 

TABLE 4 



Component % 

1. Xanthan Gum 25 

2. Locust Bean Gum 25 

3. Calcium Sulfate lo 

4 . Dex t ros e 35 

5. Ethyl Cellulose 5 

6. Ethyl Alcohol 10* 



removed during processing 
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Thereafter, nifedipine tablets are prepared as follov/s. A 
suitable amount of PEG 3350 is mixed v/ith water until dissolved. 
The desired amount of nifedipine is" blended with the sustained 
release excipient as set forth above in a high shear mixer for 3 
minutes, and then the PEG 3350 in water solution is added by 
spraying v/hile mixing for an additional 2 minutes. Next, a de- 
sired amount of Surelease® .( aqueous dispersion of ethylcellulose 
commercially ava liable from Colqrcon, Inc.,. West Point, Pennsyl- 
vania, USA) is- added to the mixture by spraying v;hile mixing for 
an additional 3 minutes. The granulation is dried in a fluid bed 
dryer to, an LOD of less than 10%. The dried granulation is mill- 
ed using 20 mesh screens. The dried granulation obtained is tab- 
leted to approximately 380 mg using different compression forces. 
In Example A, the compression force is 2.5 Kp; In Example. 5, the 
compression force. is i2;5 Kp . In Example 6, the compression 
force is 20.0 Kp. 'J'he ingredients (percentage) of the tablets of 
Examples 4-6 are set forth in Table 5 below; 

* - ,^ 

TABLE 5 ' 
Component _% 

1. Sustained Release Excipient 78.9 

2. Nifedipine 7.9 

3 . PEG 3 3 50 7.9 

4. Surelease® 5.3 

' 5 . Water 16.8* 

* removed during processing 

Tablets prepared in accordance with Examples 4 - 6 are then 
tested v/ith regard to dissolution (U.S. P. Apparatus III in 30% 
PEG. 400 at 30 cycles/minutes) and the drug released analyzed via 
a UV analysis procedure as set forth in Examples 1-3. The dis- 
solution results for the tablets of Examples 4-6 are provided 
in Table 6 below.- 
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TABLE 6 



Ex 


. 4 


Ex. 5 


Ex . 6 


31 


. 1 


33 . 6 


37.0 


69 


. 1 


6 6.0 


71.7 


0 7 


. 0 


86.3 


88.9 


9*1 


. 3 


'93.6 


95 . 7 


97 . 


. 5 


97 . 1 


98 . 6 


90 , 


. 0 


98 . 7 


100. 1 



Time (hr\ 

A 
8 

12 
16 
20 
24 

As is readily apparent from the results provided in Table 6, 
there was substantially no difference in the release of medica- 
ment from the tablets v/heh manufactured using different, 
compression forces. 

EXAMPLES 7-9 
EFFECT O F DRUG: GUM RATIO 
In Examples 7 - 9, a sustained release excipient is prepared 
in accordance with the procedures set forth for Examples 4-6. 
The ingredients of the sustained release excipient . of Examples 7 
- 9 are set fotth in Table 7 below: 

TABLE 7 

Component % . 

1. XanthanGum 25 

2. Locust Bean Gum . 25 ' 

3. Calcium Sulfate 10 

4 . Dextrose 35 

5. Ethyl Cellulose 5. 

6. Ethyl Alcohol 10* 

* removed during processing 

Thereafter, nifedipine tablets are prepared as follows. The 
sustained release excipient and a suitable amount of nifedipine 
are blended in a high shear mixer for^ 3 minutes. PEG 3350 is 
mixed with Pruv« until dissolved, and the resulting solution is 
thereafter added to the blend of sustained release excipient and. 
nifedipine by spraying while mixing, for an additional 2 minutes. 
Thereafter, a dispersion of ethylcellulose in ethanol by spraying 
while mixing for an additional 3 minutes. Then, the granulation 
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is dried in a fluid bed dryer to an LOD of less than 10%. The 
dried granulation is milled using 20 mesh screens, and tableted 
to ah appropriate* weight (about 383 mg , 443 mg and 503 mg for 
examples 7 - g respectively) . The ingredients of the tablets of 
5 Examples 7 - 9 are set forth in Table B belov/: 

TABLE B 



Component 


% - Ex. 


7 . 


% - Ex. B 


% - Ex. 9 


1. TIMERx^" 


7 8 . 4 




81.3 


83.5 


2. Nifedipine 


7 . B 




6.8 


6.0 


3. PEG 3350 


7 . 8 




6.8 


6 . 0 


4 . Ethy Icellulose 


5 . 2 




4.5 


4.0 


5 . Pruv** 


0.8 




0.7 


0.6- 


In Example 7, the 


drug : gum 


ra t io 


is about l:5i 


In Example 



8, the drug:gum ratio is about 1:6. In Example 9, the drugrgum 
ratio is about 1:8.. By "gum" it is meant the combined weight of 
xanthan gum and locust bean gum. 

Tablets prepared in accordance with Examples 7 - 9 are then 
20 tested with regard to dissolution according to the procedure set 

forth with respect to Examples A ^6. The dissolution results 
for the Examples 7 - 9 are provided in Table 9 belov/. 

TADLE 9 

. Time fhrl Ex . 7 Ex . . 8 . Ex . 9 

2 5 4 11.39.0 9.3 

8 2G . 9 22.1 20.4 

12 48.8 36.5 30.8 

16 69.5 51.2 4 5.0 

20 76.3 65.2 60.4 

30 24 80.0 79.9 73.0 

As can be seen from the results provided in Table 9, the 

rate of release of nifedipine v/as. slower as the amount of gum 

relative to the. amount of drug increased. 

3 5 

EXAMPLES 10 - 14 
EFFECT OF GUM CQN^J'ENT 
In Examples 10-14, a sustained release excipient is pre-, 
pared in accordance with the procedures set forth for Examples 4- 
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6, The ingredients of the sustained release excipient of 
Examples 10 - 14 are set forth in Table 10 below: 

TABLE 10 
Percent Included 



CoiiiDonen t 


Ex . 10 


Ex. 11 


Ex. 12 


Ex . 13 


Ex. 14 


Xanthan Gum 


0 


5 


12 . 5 


25 


3 7.5 


Locust Bean 












Gum 


0 


5 


12.5 


25 


37 . 5 


Calcium Sulfate 


10 


10 


10 


10 


10 


Dextrose 


05 


75 


GO 


35 


10 


Ethyl Cellulose 


. 5 


5 . 


5 


5 


5 


Ethyl Alcohol 


10* 


10* 


10*' 


Id* 


10* 



* removed during processing 
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25 



30 



35 



Thereafter, nifedipine tablets are prepared in accordance 
v/ith the procedures set forth v;ith respect to Examples 7-9. 
The dried granulation is tableted to an appropriate weight, 
approximately 383 mg . The .final product has the following 
ingredients set forth in Table 11 belov/.: 

TADLE 11 

Component % 



1. Su's tained-Helease Excipient 

2 . Mi f ed ipine 

3 . PEG 3 3 50 

4 . Ethy Icellulose 

5. Pruv* 



78 . 4 
'7.8 
7.0 
5 , 2 
0.8 



Tablets prepared in accordance with Examples 10-14 are then 
tested with regard to dissolution according to the procedure set 
forth with respect to Examples 4-6. The dissolution results 
for the Examples 10 - 14 are provided in Tables 12 and 13 below. 

TADLE 12 
Dissolution 





Time 






















fhr) 


Ex 


. 10 


Ex . 


11 


Ex . 


12 


Ex. 


13 


Ex. 14 


40 


4 


91 


, 7 


49 . 


3 


34 . 


1 


21 . 


8 


24 . 0 




8 


. 91 . 


. 7 


85 . 


0 


69 . 


1 


59 . 


4 


49.9 




12 


91 . 


, 7 


91 . 


1 


87 . 


0 


84 . 


6 


. . 83.8 




16 


91 . 


7 


93 . 


1 


94 . 


3 


lOl 


. 3 


91.2 


45 


20 


91 . 


7 


93 . 


1 


97 . 


5 


105 


. 3 


92.9 


24 


91. 


7 


93 . 


1 


98 . 


8 


106 


.5 


92.9 



25 



15 



20 



25 



30 



40 



Time 

Ihxl Ex. 10 Ex. 11 Ex. 12 



TABLE m 
Dissolution Ha lip 

Ex* 13 Ex. lA 



91.7 ^9.3 34.1 

8 0.0 36.5 35.0 



2 1 . G 2 4.0 

37.6- 25.9 

0.0 5.3 17.9 25.4 33.9 



0.0 2.0 7.3 16.5 7 4 

20 0-0 0.0 3.2 4.0 1*7 

0.0 _ 0.0 1.3 1.2 .0.0 



As can be seen from the resul ts . prov ided in Tables 12 and 
13, substantially all of the nifedipine was released from the. 
tablets of Example 10 (no gum.) and Example 11 {io% gum) ip about 
4 hours and about 12 hours respectively. Therefore, the tablets 
of Example 11 might represent a suitable 12. hour preparation. 
The tablets of Examples 12-14, in contrast, provided a dissolu- 
tion profile which released the nifedipine over a significantly 
longer period of time compared to the tablets of Example 11 / Thei- 
tablets of Example 14 (75% gum) did not appear to release 100% of 
the nifedipine at the end of 24 hours. 

EXAMPLE iq . 
ETFECT OF COATTNn WITH flYDROPMORTr POLYMER 
In Example 15, a sustained release excipient is prepared in- 
accordance with the procedures set forth for Examples 4-6. The 
ingredients of the sustained release excipient of Example 15 are ''^ 
set forth in Table ,14 below:' 

TABLE 14 
Component ^ 



1. Xanthan Gum 
.2. Locust Bean Gum 



25 
25 

3. Cpmpactrol ^lo 

4 . Emdex ^5 
5 - Ethyl Cellulose 5 
6... Ethyl Alcohol 5* 

* removed during . process ing 



26 



TJiereafter, nifedipine tablets are prepared in accordance 
with the procedures set forth witli respect to Examples 4-6. The 
dried granulation is tableted to approximately 380 mg (target 
weight is 382.5 mg) . The ingVedients for the tablets of Example 
15 are set forth in Table 15 belov/. 

TABLE 15 



Component % 

1. Sustained-Release Excipient 70.44 

2. Nifedipine 7.84 
3 . PEG 335Q 7 • B'l 

4 . Pruv* 0.24 

5. Surelease® 5.64 

6. Ethyl ■ Alcohol (75 ml)* 



* removied during processing 

Thereafter, a portion of the tablets are coated v/ith a hydro 
phobic polymer. To accomplish th i s , e thy 1 ce 1 lu los e (Surelease* , 
400 g) is mixed with water (100 g) to form an aqueous suspension. 
Thereafter, the tablets are coated in a Keith Machinery coating 
pan (diameter 350 mm; pan speed 20 rpm; spray-gun nozzle 0.8 mm;* 
tablets bed temperature 40'-50'C; charge per batch 1 kg; dry air - 

Conair Prostyle 1250, 60'-70'C). The tablets are coated to a 
weight gain of about 5%. 

Tablets prepared in accordance with Example 15 are then 
tested. with reCjard to dissolution according to the procedure 
utilizing USP Method III (USP XXII) at 30 rpm, in 100 ml of dis- 
tilled water, and the amount of drug released lis assayed using an 
IIPLC procedure as set forth below. ' 

The assay method for the nifedipine tablets is as follows: 
Mobile phase - Prepare a. suitable mixture of water, 
acetonitrlle, and me tha nol { 4 O : 3 0 : 3 O ) , and degas. Make 
adjustments if necessary. (Rf. USP XXII, P. 946) 

Standard preparation - Dissolve an accurately weighted 
quantity of USP Nifedipine RS in the methanol (about 1 mg/ml) , 
and dilute with mobile phase to obtain a solution having a known 

2 7 
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concentration of about o.l ing , per mi.' 

Assay preparation Weigh and finely powder not less than 20 
tablets. Transfer an accurately weighed portion of the powder, 
equivalent to about 25 mg of Nifedipine to a 250 ml . -volume trie 
flask. Add about half volume of mobile phase, shake for 15 
minutes and sonicate for 15 minutes. Filter through medium- 
porosity filter paper, wash the remainder with mobile phase up to 
the volume mark. Mix the solution before use. 

Chromatographic system - The liquid chroma tograph is 
equipped with a 265 nm detector and a 25-cm x 4 . 6-mm column that 
contains S-^im packing LI. The, flow rate is about 1 . 0-ml per 
minute. (cf . Ch roma tograph the standard preparation, and record 
the peak responses as directed under procedure. The column 
efficiency is not less than 16,000 theoretical plates per meter, 
the tailing factor is not less than 1.5, and the relative 
standard deviation of the response" of the main peak is not more 
than 1 ; 0% . 

Procedure - Separately inject equal volumes (about 25 fjL) of 
the standard preparation and the assay preparation into the 
chromatograph, record the ch roma tog ra ms , and measure the response 
for the major peak. Calculate the quantity, in mg , of C H N O in 
the portion of nifedipine taken by the formula: 

2 5 0C(Ru/Rs) J 

in which C is the concentration, in mg per ml , of USP Nifedipine 
25 RS in the standard preparation, and Ru and Rs are the peak 
response obtained from assay preparation and standard 
preparation, respectively. 

The dissolution results for Example 15A (uhcoated tablets) 
and Example 15 ( coa ted ) . and are provided in Table 16 below! 
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TABLE 16 
Percent Dissolved 



Time (hr) Ex. 15A Ex, 15 

'I 12.76 13.53 

8 36.09 4 2.99 

12 73.06 63.27 

16 98.07 73.69 

20 102 .07 70.95 

24 106.33 87.08 



As can be seen from the results provided in Table 16, the 
release of, nifedipine from the coated tablets of Example 15 is 
substantially slowed as compared to the uncoated tablets of 
Example 15A and therefore appears to be ah acceptable 24 hour 
formulation. However, the results obtained indicate that 
acceptable 24 hour release formulations may be obtained v/ith or 
without the hydrophobic . coating . ' 

The examples provided above are not meant to be exclusive. 
Many. other variations of the present invention would be obvious 
to. those skilled in the art, and are contemplated to be within 
the scope of the appended claims. 
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